Purpose: Aiming at regeneration of permanent cartilage like joint cartilage, this study screened natural and synthetic compound libraries to discover a novel compound inducing chondrogenic differentiation without hypertrophy. We further investigated the underlying molecular mechanism. Methods: As an efficient monitoring system for chondrogenic differentiation, we established stable lines of mouse chondrogenic ATDC5 cells expressing green fluorescent protein under the control of type II collagen promoter fused with four repeats of a Sox9 enhancer (COL2-GFP). Chondrogenic differentiation was assessed by real-time RT-PCR for COL2, aggrecan, chondromodulin-1 and COL10, toluidine blue and Alcian blue stainings, and quantitative GAG assay in cultures of mouse embryonic stem cells or immature mesenchymal C3H10T1/2 cells. The downstream molecules were screened by a microarray analysis using C3H10T1/2 cells. The COL2 promoter activity was determined using HuH-7 cells transfected with a luciferase-reporter gene construct containing the COL2 promoter above, and the specific binding to the identified region was verified by electrophoretic mobility shift assay (EMSA) and chromatin immunoprecipitation (ChIP). For functional analyses, we performed adenoviral overexpression of the gene or the small interfering RNA in C3H10T1/2 cells, and compared the chondrogenic differentiation as described above with respective empty-vector controls. Molecular interactions were examined by immunoprecipitation, mammalian two-hybrid system, and immunohistochemistry in the mouse growth plate. Finally, cartilage formation in full-thickness defects of mouse knee cartilage was histologically evaluated after transplantation of cell-sheets of mouse rib chondrocytes with or without TM treatment. Results: The COL2-GFP system showed that a small thienoindazolederivative compound T-198946 (TM) most strongly induced the GFP fluorescence as early as after 48 h of treatment. TM was confirmed to enhance chondrogenic differentiation but inhibit the further hypertrophic differentiation in the cultures of precursor cells. The microarray screening revealed that Runx1 was most strongly induced by TM among 581 up-regulated genes including Sox5 and Sox6. Deletion, mutagenesis, and tandem-repeat analyses of the luciferase assay identified the core responsive element of Runx1 in the COL2 promoter to be between the −293 and −288 bp region containing a putative Runx-binding motif. EMSA and ChIP assays confirmed the specific binding of Runx1 to this region. Although chondrogenic differentiation of C3H10T1/2 cells was little enhanced by the Runx1 overexpression alone, it was much enhanced by co-transfection with Sox5, 6, and 9 (the Sox trio), without inducing the hypertrophy, as true of the effect of TM treatment. Gene-silencing of Runx1, Sox5/6, or Sox9 suppressed the TM effect on chondrogenic differentiation. In fact, Runx1 and the Sox trio were co-localized in the proliferative and pre-hypertrophic chondrocytes of the mouse growth plate, and their physical interaction was confirmed by immunoprecipitation and two-hybrid analysis. Finally, cell-sheets of TM-treated chondrocytes filled the defects with cartilaginous tissue, while the control cell-sheets did not. Conclusions: A novel small compound TM promotes chondrogenic differentiation without inducing hypertrophy, through production of Runx1 that cooperatively functions with the Sox trio. TM will herald a new era of regenerative medicine of permanent cartilage, thus realizing an epochal treatment of osteoarthritis.
